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To the Department of Entomology of Cornell University the 
investigator is especially indebted for the assignment of a desk at 
which to work and for the courtesies shown during the investiga¬ 
tions. 

The cockroaches which were used in these investigations were 
caught in the natural habitat in a trap wherein they could not be 
injured, Fig. 1. Specimens which long were kept in captivity 
were confined in special cages, .such as is shown in Fig. 4. The 
moisture of the air in such a cage was kept so high that there 
was a fine condensation upon the walls of the cage bottles at all 
times, and the temperatures were as stated in various parts of 
the investigation records. 

Analysis of Cockroach Body. 

Ordinarily, normally the body of a cockroach contains a high 
percentage of water. 

* A resume of a thesis which was presented to the Faculty of 
the Graduate School of Cornell University in partial fulfillment 
of the requirements for the degree of Doctor of Philosophy. 
June, 1924. 
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The average percentage contents of different substances in the 
body of the cockroach are as set forth in the following table. 
There were thirty-one of the younger nymphs and they were 
about three days old when the investigations were made. Two 
older nymphs which were about ready to make the final molt, two 
adult males and two adult females were used. A comparative 
table of the averages obtained is as follows: 

Table No. 3. 

Average Average organic Average 

water per cent, matter per cent. ash per cent. 


Adult males . 68.84 30.19 .0942 

Adult females . 66.78 31.76 1.135 

Older nymphs . 66.85 31-95 1.186 

Younger nymphs . 79-21 17.90 2.88 

Grand averages . 70.24 27.95 1-535 


The foregoing investigations were made merely to see how the 
results would check with those obtained from similar experiments 
of other investigators. Bodine, 1893-1921, working with certain 
species of grasshoppers obtained similar results with young and 
matured material as did Babcock, 1912, with clothes and bee 
moths. 


Factors Influencing Selection of Habitats by 
Cockroaches. 

Later on in the thesis it will be seen that the ease with which 
cockroaches bleed is influenced by the relative humidity of the 
habitat from which they come, etc. 

From some thirty observations made upon temperature and 
relative humidity in five separate natural habitats, it was revealed 
that the average temperature was 20.6 degrees C. or 69.08 de¬ 
grees F. and the relative humidity was 71.9 per cent. By experi¬ 
mentation with a T-tube it was learned that if one end was super¬ 
cooled while the other was superheated, the temperature of the air 
in the tube exactly midway between the superheated and the 
supercooled ends was half the difference between that of the two 
ends. It was then assumed that after the air in the middle of the 
tube was as stated, then from one end of the tube to the other, the 
temperature of the air inside gradually approaches that of either 
extreme. Then apparatus was fitted up to test out distribution 
of cockroaches in a tube the relative humidity and temperature of 
the air of which was known. The relative humidity was obtained 
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and maintained by bubbling air through distilled water for ioo 
per cent., by passing it through a saturated sodium chloride solu¬ 
tion for a relative humidity of about 70 per cent, and by forcing it 
through concentrated sulfuric acid for less than 1 per cent, rela¬ 
tive humidity. The jet of air was finely broken up as it passed 
through the respective solutions, so that the air automatically lost 
moisture to or took it from each respective solution, each giving a 
different relative humidity percentage to the air which was bub¬ 
bled through it. The above mentioned materials are such as were 
used by Dr. Headlee, communicated to Dr. Wm. A. Riley in a 
letter in 1919. A glass tube which was about two feet long and 
one and one-sixteenth inches in diameter was selected. It was 
divided into eleven equal zones throughout its length, and the tem¬ 
perature per zone from the cooled to the heated extreme readily 
was calculated. A diagram of the apparatus is shown in Fig. 5. 
It was interesting to note that when the relative humidity was 
about 70 per cent, the cockroaches grouped themselves in zones 
the temperatures of which averaged 22.5 degrees C. or 72.5 de¬ 
grees F. Some of the individuals left the zones of more favorable 
temperature and relative humidity, but it was with considerable 
caution, and even then they soon returned. 

This experiment further revealed that, within reasonable limits, 
at lower temperatures cockroaches of this species seek seclusion 
in places the relative humidity of which is higher as compared to 
places in which the temperature is higher, for in the latter they 
sought seclusion in quarters the relative humidity of which was 
comparatively low. In other words, within reasonable limits, the 
lower the relative humidity, usually the warmer the seclusion 
quarters sought by Blatella germanica Linn., or the higher the 
relative humidity, usually the cooler the places of seclusion sought 
by them. When the relative humidity was too low, the cock¬ 
roaches lost water to the surrounding air, as was shown by con¬ 
densation of moisture upon the walls of the tube where the indi¬ 
viduals were massed. In this respect my results agree with those 
of Bodine, 1893-1921, as he worked with grasshoppers. 

To preclude the influences of light upon the behavior of the 
cockroaches, the experiments were made in a photographic dark¬ 
room, the lights of which were turned off excepting at times dur¬ 
ing the taking of readings, observations, the arrangement of appa¬ 
ratus and of the material. 

It is believed that the foregoing discoveries offer an explana¬ 
tion for cockroaches seeking comparatively warm, moist seclu- 
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sion quarters in the natural habitat. The wax glands produce a 
waxy secretion, Dusham, 1918, which presumably keeps the body 
of proper moisture under ordinary circumstances. Cockroaches 
which were exposed until such moisture was lost bled with as 
much difficulty as did starved individuals. 

In fifty-seven experiments in which the relative humidity was 
about 70 per cent, it was found that due to cold cockroaches be¬ 
came inactive at from o to 10 degrees C., the average being 5.02 
degrees, at an average thermal range of 6.9 degrees C. over an 
average length of time of four minutes and thirty-six seconds. 

In twenty-seven experiments in which the relative humidity 
was about 70 per cent, it was found that due to excessive heat 
cockroaches became inactive at from 40 to 54 degrees C., the 
average being 48.1 degrees C. at an average thermal range 
(twenty-two cases) of 14 degrees C. over an average length of 
time of four minutes and eighteen seconds. 

Cockroaches were more passive to colder temperature ex¬ 
tremes when the relative humidity of about 70 per cent was main¬ 
tained at a constant. Those which became inactive as a result of 
exposure to cold became active more readily when returned to the 
natural habitat than did those which became inactive as a result 
of exposure to heat. Cockroaches could better withstand ex¬ 
posure to extremes of cold over extensive time intervals than 
they could to extremes of heat. Some which became inactive as 
a result of exposure to heat extremes remained so for several 
days, but finally again became active. Others were killed as a 
result of such exposure, and upon them a white fungus developed 
after several days. 

Insect Blood 

Landois, 1864, experimented with fourteen dififerent species of 
insects, and as a result of his investigations concluded that insect 
blood characteristically is of alkaline reaction, but Poulton, 1885, 
learned that the blood of phytophagous larvae and their resultant 
pupae (Lepidoptera) reacts acid to neutral litmus; Muttkowski, 
1923, says that insect blood reacts alkaline or neutral to moist 
litmus, but that the reaction changes to acidic just before death. 
The investigator tested the blood of forty-two dififerent species 
of insects which he recently had captured in the field. An an¬ 
tenna or a leg was clipped and the forthcoming blood droplet was 
tested with neutral litmus. As a result of his investigations he 
has concluded as follows: 
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Of all Orthoptera, Homoptera, Heteroptera, boring larval Lepi¬ 
doptera, two phytophagous larval Lepidoptera and of two Cole¬ 
optera, one of the family Cerambycidae, the other of the family 
Carabidae, the blood reacted alkaline to neutral litmus. 

Of all phytophagous Coleoptera, pollen eating Coleoptera, car¬ 
nivorous Coleoptera and phytophagous larval Lepidoptera except¬ 
ing two species, the blood reacted acid to neutral litmus. 

Of all Diptera which were examined the blood reacted alkaline 
to neutral litmus. The blood of larval Carpocapsa pomonella re¬ 
acted alkaline to neutral litmus, but the sap of the apple pulp 
upon which it was feeding gave a decided acid reaction. 

The blood of certain ph} 4 ophagous larval Lepidoptera reacted 
alkaline, while that of certain others reacted acid. The blood of 
a pollen eating beetle, Cyllene robiniae, a cerambycid, reacted 
alkaline; while that of others, Chauliognathus, a lampyrid, and of 
Trirhabda, a chrysomelid, reacted acid. 

The blood color of representatives of different families of the 
same order of insects may differ, although the individuals feed 
upon the same host species. The blood of certain carnivorous 
Coleoptera (Coccinellidae), reacts acid and is of reddish, orange 
or yellowish color; while that of others ( Carabidae) reacts alka¬ 
line and is of turbid white color. 

The blood of adult phytophagous Coleoptera which came under 
observation is of yellow color, while that of phytophagous larval 
Lepidoptera feeding upon the same host species as those of the 
Coleoptera usually is of greenish color. 

The foregoing results indicate that blood color modifications 
are of little taxonomic value, a fact which was pointed out by 
Milne-Edwards, 1835-36; and later by Poulton, 1885. 

The results of these experiments show that influences other 
than the color of host sap act in the coloring of the blood, for in¬ 
sects of different species feeding upon hosts of the same species 
have blood which may present color differences and which may 
be of different color than is that of the host sap or tissues upon 
which the insects feed; that insects of different species feeding 
upon hosts of the same species may have blood which reacts dif¬ 
ferently and that the reaction of the blood may be different from 
that of the sap or the tissues upon which the insects feed. The 
results of the foregoing researches are in accord with those of 
Landois, 1864, and of Poulton, 1885. 

The investigator agrees with certain others, that at least certain 
immature insects bear more blood in proportion to body weight 
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than do adults, for from adult individuals of Pontia rapae little 
blood was obtainable, whereas larval individuals of the same spe¬ 
cies yielded blood in profuse abundance. Others who have 
reached similar conclusions are Landois, 1864, and Miall and 
Denny, 1886. 

According to the foregoing it is believed that the acidity,‘alka¬ 
linity and the color of insect blood must be species specificities 
and are influenced by more than just the food which the insect 
takes. Living insects of the same species in the same life cycle 
phases normally have blood of the same chemical (acid or alka¬ 
line) reaction, and usually of the same color. 

The following excerpt from table No. 6 may be of interest in 
substantiating what already has been stated, as well as what is 
to follow: 

Table No. 6. 


Host 

Insect 

Order 

Family 

Reac. 

Remarks 

Bobinia 






pseudo-acacia . 

Cyllene robiniae . 

Coleoptera 

Cerambycidae 

Aik. 

Watery clear 


Ecdytolopha 

insiticiana . 

Lepidoptera 

Tortricidae 

Aik. 

Whitish 

Asclepias syriaca ... 

Epargyraeus 

tityrus ... 

Euchaeitas egle . 

Lepidoptera 

Hesperiidae 

Lymantriidae 

Aik. 

Acd.* 

Clear Green 

Amb. Yellow 


Tetraopes tetra- 
ophthalmus . 

Coleoptera 

Cerambycidae 

Acd. 

Amb. Yellow 

.*. 

Anosia plexippus... 

Lepidoptera 

Nymphalidae 

Aik.* 

Clear Green 


Doryphora clivi- 
collis . 

Coleoptera 

Chrysomelidae 

Acd. 

Amb. Yellov/ 

Solidago cana¬ 






densis pollen. 

Cyllene robiniae . 

Coleoptera 

Cerambycidae 

Chrysomelidae 

Lampyridae 

Aik. 

Watery clear 
Yellow 


Tri/rhabda . 

Acd. 


Chauliognathus . 


Acd. 

Amb. Yellow 




In the foregoing table, Reac. means the reaction to neutral 
litmus; Aik. signifies an alkaline and Acd. an acid reaction to 
neutral litmus; Amb. means amber, and the * means that the 
action was faintly as indicated. 

Of the insects which fed upon black locust at some time during 
their development, it is interesting to note the wide color differ¬ 
ences in the blood, and that all reacted alkaline to neutral litmus. 
See under Robinia pseudo-acacia. 
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Of those which feed upon milkweed, Asclepias syriaca, there is 
a difference in blood color and in reaction to neutral litmus. Of 
the Coleoptera, one of the family Chrysomelidae, another of the 
family Cerambycidae, the blood colors and the reactions to neu¬ 
tral litmus agree. 

Of those taken while feeding upon the pollen of goldenrod, 
So.lidago canadensis , all Coleoptera, there were differences in 
blood color and in reactions to neutral litmus. 

Long ago the early microscopists, Malpighi and Leeuwenhoeck 
saw that the blood consists of formed bodies and of fluid plasma. 
Ordinarily the constituents of the blood plasma and those of the 
corpuscles are difficult to separate by hard and fixed lines, for it 
seems that some of the products of each are more or less inter¬ 
changeable, as has been revealed by the researches of Newport, 
1845, Wooldridge, 1884-5, Haycroft and Carlier, 1888, Cuenot, 
1896, Nicholls, 1906, Liibben, 1907, Crawley, 1909 and subsequent 
workers. There is little doubt that the blood corpuscles draw 
their nourishment from the blood plasma. Edwards, 1835^6, 
Cuenot, 1896, and Liibben, 1907, believed that the vitalizing prop¬ 
erties of blood are due to the corpuscles. Newport, 1845, an d 
Cuenot, 1896, regarded them as floating, secreting glands. New¬ 
port, 1845, wrote that the blood continuously is changing due to 
the agency of the corpuscles and that the corpuscles are nourished 
by the blood plasma. Stokes and Wegefarth, 1897, believed that 
the granules of blood dust are shed from the leucocytes, Nicholls, 
1906, regarded them as of diverse origin, and Crawley, 1909, be¬ 
lieved that they come from erythrocytes. 

Ordinarily the blood corpuscles of a cockroach are of opaque 
white color, this due to the white granules which they contain. 
In several instances it was noticed that the corpuscles were com¬ 
paratively clear or hyaline and that at the same time the plasma 
was more heavily charged with white granules which appeared 
very much like those ordinarily noticed in the corpuscles. Al¬ 
though the writer did not see such granules leave the corpuscles, 
he is inclined to believe that those in the plasma come from the 
corpuscles. 

In the following experiments each individual cockroach was 
kept confined in a small straight vial wihch was provided with a 
perforated screened cork, 1, 2 and 6 of Fig. 6. The perforation 
was provided with a loosely fitting bit of saturated sponge when 
it was desired to maintain a high relative humidity in the vial, 
see s of 6 of Fig. 6. Furthermore a small glass plate, 4 of Fig. 6, 
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with width equal to the inside diameter of the vial was placed 
into it, and beneath it was flooded with water, 5 of Fig. 6. If 
desired, food was placed into such an individual cage, otherwise 
a cockroach confined in it could eat nothing, but could get any 
desired amount of water. For experimenting in the natural 
habitat, no extra water was supplied (there was no sponge in the 
perforated cork and no water beneath the glass plate). If pro¬ 
vided with only dry food in a dry habitat, in several days or even 
in shorter periods, depending upon the relative humidity and the 
thermal status of the air of that habitat, it became difficult to 
obtain blood from individuals thus kept. To substantiate the fore¬ 
going statement, Newport, 1845, Miall and Denny, 1886, Bruntz, 
1908, and Muttkowski, 1923, state that blood quantity varies ac¬ 
cording to the nutrition status of the individual. My investiga¬ 
tions show that in an otherwise favorable habitat with water 
always at their disposal, but absolutely starved with regard to 
other foods some cockroaches bled almost as freely and as copi¬ 
ously after eighteen days as they did at the outset of the experi¬ 
ment. Some of the individuals were bled several times during 
the above stated interval. All had starved to death at the end of 
twenty-one days with nothing but water at their disposal at a rela¬ 
tive humidity of 100 per cent, and at an average temperature of 
22 degrees C. or 81 degrees F. Usually males died first, followed 
by younger nymphs, older nymphs and adult females in the given 
order. 

Ordinarily to the unaided eye, the fresh whole blood of the 
German or Croton cockroach may have a clearness like that of 
water, or but a slight to a comparatively heavy turbidity or cloudi¬ 
ness, depending upon how recently an individual has taken food. 
When placed against a clear white background, it can be seen 
that the basic color of the blood of this species is of rather a 
faint or delicate yellow. When set aside to clot and crystallize, 
the dried droplet takes on a deeper yellowish tinge, a highly per¬ 
ceptible glossy appearance, and melanosis has not yet developed 
in uncovered droplets which have been dried for almost a year. 
Landois, 1864, saw that fresh and dried blood of the same indi¬ 
vidual have the same basic color. Poulton, 1885, found that 
melanosis in insect blood is due to oxidation. 

The whole blood of cockroaches consists of plasma and cor¬ 
puscles. Milne-Edwards, 1835-6, reported that blood consists of 
water, fibrin, albumin, fatty phosphates, pigments, alkaline salts, 
cholesterin, urea, etc. To this Landois, 1864, added globulin and 
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metallic iron; Poulton, 1885, found pigments in the blood. He 
believed that they are not of respiratory nature and stated that 
when once they gain entrance they need not be renewed, he also 
found a reducing agent present in insect blood; MacMun, 1886, 
found myohaematin, the coloring agent of muscular tissue in 
blood and believed that it has to do with respiration; Griffiths, 
1891, among certain of the more common constituents reported 
iron oxide, calcium, magnesium,-soda, phosphoric acid, sulphuric 
acid, chlorine, oxygen, carbon dioxide and nitrogen. He says 
that the blood of Lepidoptera is rich in proteids which may sepa¬ 
rate out and retain much of the oxygen; Cuenot, 1896, believed 
that albuminoids of blood have respiratory and nutrient func¬ 
tions; Deegener, 1913, lists lutein; Muttkowski, 1923, besides 
more common substances reported gelatin, fibrinogen, fats, 
sugars, waste materials, enzymes, copper, potassium, magnesium, 
uranidine, iodine, lead and arsenic, the two latter regarded as ac¬ 
cumulative. Griffiths, 1891, and Muttkowski, 1921, believe that 
copper in the blood of invertebrates acts as does iron in the blood 
of higher animals, the copper forming the nucleus of a respira¬ 
tory protein, haemocyanin, as does iron in haemoglobin. Rollet, 
1861, Lankester, 1867, MacMun, 1886, Cuenot, 1891, Griffiths, 
1891, Berlese, 1909, and Vaney in larval Gastrophilus, Muttkowski, 
1920-1, and Hungerford, 1922, report the presence of respiratory 
proteins in insects. I have seen crystals in especially prepared 
cockroach blood droplets which suggested those of hematin. 

In making a spectroscopic examination of dried whole blood 
of the cockroach, Dr. Papish found that it contains iron, mag¬ 
nesium and sodium in relatively large quantities (as main con¬ 
stituents), calcium as a trace, aluminum as a small trace; po¬ 
tassium, titanium, copper and zinc in very faint traces (see 
Fig. 12). 

In making a biochemical examination of fresh whole blood of 
the cockroach Dr. Bodansky found proteins in profuse abun¬ 
dance, especially fibrin; serum globulin and serum albumin are 
present to a marked degree; sugar from .10 to .12 per cent.; 
chlorides profuse; calcium oxalate a small amount; urea and uric 
acid doubtless present, but the available amount of blood too 
scanty to work out the percentages. Later the writer demon¬ 
strated the presence of a catalytic agent in the blood of the cock¬ 
roach. 

Landois, 1864, working with fourteen species of insects de¬ 
cided that each species of insect has its peculiarly characteristic 
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blood crystals. He regards them as being of organic nature and 
of both plasmal and corpuscular origin. Several kinds of crystals 
occur in an ordinarily desiccated cockroach blood coagulum. 
They are of various sizes and shapes, commonly of from six to 
fifty micra long, although some have been seen which were as 
many as one hundred sixty-four micra in length and almost as 
wide. It seems that among them are many sodium urate, uric 
acid, lysine and calcium carbonate crystals (Fig. 9). Like Lan- 
dois, 1864, the investigator believes that blood crystals originate 
in blood corpuscles and from the plasma. In the dried droplet 
they are far more numerous than are the corpuscles, and of rather 
uniform distribution throughout the dried mass. If they origi¬ 
nate only from the blood corpuscles, it would seem that they 
would be of more restricted or localized distribution in the drop¬ 
let, that is, seemingly they would occur more or less grouped about 
each individual corpuscle. The exact nature of blood crystals 
has not been learned. Landois, 1864, believed that they are of 
organic nature, while Graber regarded them as being of inorganic 
nature. Glaser, 1916-7, agrees with Landois, for he says that 
they are of protein nature. In the small amount of blood which 
could be obtained from this species of cockroach, it was impos¬ 
sible to separate the plasma from the corpuscles before coagu¬ 
lation had set in. Blood crystals do not appear until after coagu¬ 
lation and drying to hardness, and I like Landois have seen them 
in especially prepared, stained ruptured corpuscles. They are re¬ 
garded as being at least partly of organic origin. The following 
is the caption to Fig. 9: 

A, measured from 17.1 to 22.8 microns, average 19.09 microns, 
of very slight yellowish green color, rather common in the micro¬ 
scopic field; probably sodium urate crystals. 

B, measured from 20.8 to 37 microns, average 28.96 microns; 
of very yellow color, rather common; probably uric acid crystals. 

C, measured from 47 to 164.5 microns, average 96.98 microns, 
of translucent yellowish tinge, rather common; may be lysine. 

D, measured from 13.2 to 19.2 microns, average 16.48 microns; 
rather delicate appearing, often difficult to discern, rather com¬ 
mon; probably calcium carbonate. 

E, measured from 8.5 to 14.25 microns, average 11.10 mi¬ 
crons ; rather common, delicate appearing, suggestive of calcium 
carbonate. 

F, measured from 6 to 16 microns, average 10 microns; very 
delicate, most common of all crystals; often difficult to see unless 
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focus and illumination are exactly right. Thus far I have been 
unable to identify these crystals. 

In their normal living state the tissues of the cockroach are 
moist, this moisture being due to a serum which doubtless is a 
blood plasma derivative. Of the cockroach it gives a faintly 
alkaline reaction with neutral litmus. Due to this tissue serum it 
is difficult to learn the exact blood volume of an insect. Usually 
the bodies (muscles and other tissues) of younger, normally 
growing or developing individuals contain more water in propor¬ 
tion to their weight than do those of adult individuals of the same 
species. The results of Bodine’s experiments with grasshoppers 
and those of Babcock with clothes and bee-moth larvae and adults 
agree with mine. The blood mostly consists of water. Just how 
much of the body moisture is serum in the tissues or what amount 
is plasma (in the blood stream) never has been satisfactorily 
settled for insects. 

Edwards, 1835-6, saw that the proportion of plasma to formed 
bodies varies greatly in individuals of the same species; Newport, 
1845, Miall and Denny, 1886, Bruntz, 1908, and Muttkowski, 
1923, state that blood quantity varies according to the nutrition 
status of the individual. Cockroaches which were completely 
starved for several days and those which had lost much meta¬ 
bolic water were difficult to bleed, due to the scarcity of blood 
plasma. Of a well fed female from the natural habitat there was 
much more blood which was easily obtainable and it contained 
about twice as many corpuscles per unit volume as did that of 
some which were completely starved for twenty-four hours in the 
same habitat where the temperature was 22.5 degrees C. or 72.5 
degrees F. and the relative humidity was 91.2 per cent. Accord¬ 
ing to the foregoing it seems that the number of corpuscles in the 
blood lessens with starvation prolongation. 

Bowerbank, 1834, in Ephemerids, Newport, 1845, m cater¬ 
pillars (none in adults), Moseley, 1871, in Blatta orientalis (male 
figured), Deegener, 1913, Tillyard, 1917, and Muttkowski, 1924, 
record having seen oat- or spindle-shaped corpuscles in the blood 
of various insects with which they worked. If a form is suffi¬ 
ciently transparent that the blood can be observed as it courses 
along in the body, it does not seem out of the ordinary that the 
corpuscles (which normally are quite flexible) change shape or 
contour as they crowd into interstices among the tissues or the 
cells thereof. Bowerbank, 1834, states that the spindle- or oat¬ 
shaped corpuscles become globular or spherical upon exposure to 
air. 
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Edwards, 1835-6, and Landois, 1864, believed that the blood 
corpuscle forms vary among different species of animals, but at 
all times appear to be essentially the same for postembryonic indi¬ 
viduals of the same species. Prevost and Dumas state that the 
form and the volume of blood corpuscles are species specificities. 
Griffiths, 1892, stated that the sizes of blood corpuscles vary in 
the same individual. 

Edwards, 1835-6, saw that the blood corpuscles of inverte¬ 
brates are of very irregular form, surfaces rugose and readily 
change shape. 

Now it is believed that but two classes of formed objects oc¬ 
cur in the blood of insects; foreign bodies, such as parasites, 
bacteria, etc.; and blood corpuscles and their derivatives. 

Usually there are but few kinds of corpuscles found in the 
blood of insects. Karawaiew, 1898, saw but large and small 
amebocytes, Bruntz, 1908, in Thysanura found four, Berlese 
working chiefly with muscids found four or five, Cuenot, 1895, 
working with Orthoptera reported four, Hollande, 1911, working 
with Coleoptera, Lepidoptera, Hemiptera, Hymenoptera, etc. 
found but three, Tillyard, 1917, working with Odonata found but 
two, and Muttkowski, 1924, working with several different kinds 
of insects distinguished but two kinds. Most of the foregoing 
investigators believe that these so-called different kinds of cor¬ 
puscles are but successive phases in the development of a single 
corpuscle, but as Cuenot, 1896, stated, the life-history of an ame- 
bocyte is difficult if not impossible to trace. 

In order to better differentiate among the blood corpuscles of 
cockroaches it was necessary to modify certain blood stains. 
Giemsa’s, Hasting’s and Wright’s were tried. Each of the two 
former should be freshly prepared just before use, for they de¬ 
teriorate upon standing. Wright’s stain gave most satisfactory 
results when the blood smear was air dried and then treated with 
five drops of the undiluted stain for thirty seconds, being sure 
that the stain is spread over the smear. To this then was added 
as much distilled water as the slide would hold, permitting this to 
flood the slide for five minutes. Then the smear was thoroughly 
washed by moving it up and down and sidewise in a beaker of 
distilled water, or it was thoroughly drenched with a jet of dis¬ 
tilled water from an ordinary pipette. With a piece of blotting 
paper the smear was dried and then was placed upon a radiator 
to become perfectly dry. Next the smear was mounted in neutral 
Canada balsam. This method gave results which were fully as 
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satisfactory as any, the process was the least troublesome or in¬ 
volved of the lot, and if kept away from direct light in tightly 
stoppered bottles, Wright's stain kept well for over a year. 

In general appearance and behavior the blood corpuscles of 
the cockroach, Figs, jo and u, most correspond to the leucocytes 
of higher animals. Among them, in these investigations differ¬ 
entiations have been made with regard to size, proportional size 
relationships of the nuclei to those of entire cells, a comparison of 
staining affinities or intensities of the nuclei to those of the gen¬ 
eral cytoplasm, and the extent to which the nucleus and the cyto¬ 
plasm was vacuolated. 

According to the differentiation criteria as above set forth, it 
seems that there are several stages through which the corpuscles 
normally pass from the most recently divided to the farthest de¬ 
pleted condition, but these stages are not so easily separated as at 
first it may appear, for the phases 'gradually merge one into the 
other. A corpuscle in any stage may be more or less spent or 
vacuolated, but usually the vacuolations are more pronounced in 
the larger or older corpuscles. 

Stage i, Fig. u, cytoplasm mediumly dense, rather heavily 
stained; nucleus rather heavily stained, rather large as compared 
to the cytoplasmic bulk, granules coarse, nucleus may or may not 
be in the center of the cytoplasmic mass. Usually the vacuoles of 
the cytoplasmic and nuclear masses were comparatively few and 
small. The most active and the most numerous of all corpuscles 
observed. Nuclear and general cell limits are as set forth in table 
No. 8. In a count of five hundred corpuscles made at random 
in an ordinary thin blood smear, three hundred seventeen were of 
this type. Fig. ia of Fig. ii shows one of these corpuscles in 
the division process; in the above count but two cells were seen 
thus engaged. 

Stage No. 2 , Fig. ii, seems to be a corpuscle of stage ia after 
division. In it the nucleus is rather large as compared to the 
cytoplasmic mass, the cytoplasm showing as a narrow periphery 
around the nucleus. Usually the nucleus and the cytoplasm are 
rather densely stained, although the cytoplasm always is the 
fainter colored and sometimes may be but little apparent. The 
nucleus stains very heavily and its granules are large. These cells 
appeared to be rather active in the dark field. The nuclear and 
general cell limits are as given in table No. 8. In a count of 
five hundred corpuscles made at random in an ordinary thin blood 
smear, one hundred fifty were of this type. 
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Stage No. 3, Fig. 11, shows the appearance of corpuscles in the 
largest and last stage. The cytoplasm and the nucleus are highly 
vacuolar, stain but faintly, but usually the nucleus stained the 
darker. Of a cell in the far depleted or far spent condition, usu¬ 
ally the nucleus appeared greatly reduced in comparison to the 
cytoplasmic mass, and the nucleus may or may not be central 
therein. The limits of size observed are as shown in table No. 8. 
In a count of five hundred corpuscles which was made at ran¬ 
dom in an ordinary thin blood smear, but eight were found which 
were of this type. 

No. 4 of Fig. 11 shows what may be cockroach blood platelets. 
The nucleus and the cytoplasm are rather heavily stained, nuclei 
are regularly or irregularly outlined and may be fragmentary or 
entire. The sizes are as recorded in table No. 8. In a count of 
five hundred corpuscles which was made at random in an ordi¬ 
nary thin blood smear but twenty-nine of these forms were recog¬ 
nized. Their dimensions are as shown in table No. 8. 


Table No. 8. 


Cell and Nuclear 
Sizes. 


Stage No. 1. 


8 X28.8 
12.8x16 
12.8x28.8 
14.4x20.8 
14.4x22.4 
14.4x25.6 
16 X17.6 
16 X19.2 
16 X19.2 
< 16 X24 
17.6x22.4 
18.1x20.8 

l8 X22.4 
19.2 

19.2X20.8 

19.2X28.8 

20.8X22.4 

20.8 

22.4X28.8 


Stage No. ia. 


14.4 

14.4 


9.6 

8 x 9.6 
9.6x11.2 
9.6 

9.6x12.8 
9.6x12.8 
11.2 
9.6 

11.2x12.8 

9.6 

9.6 

9.6x11.2 

9.6 

9.6x12.8 

9.6x12.8 

12.8x16 

9.6x12.8 

9.6x11.2 

9.5x15 

9.6 

9.6 


Stage No. 2. 


' 8 X22.4 
9.6x14.4 
« 9.6x20.8 
10.2x16 
11.2x16 


8 x 9.6 
6.4X 9.6 
9.6x12.8 
9.6x10.2 
9.6 


Stage No. 2. 


Stage No. 3. 


Fig. 4. 


Cell and Nuclear 
Sizes. 


11.2x16 

9.6x11.2 

12.8 

9.6 

12.8x14.4 

II.2 

12.8x16 , 

8 x 9.6 

12.8x16 

9.6 

12.8x19.2 

9.6 

12.8x19.2 

9.6 

16 XI4 

16 

14 

16 XI7.6 

9.6 

22.4x32 

9.6x12.9 

25.6x28.8 

9.6 

25.6x32 

9.6 

26.2x32 

9.6 

32 

9.6x12.8 

35.2 

9.6x12.8 

38.4x41.6 

9.6 

8 X13.4 

9.6 

9.6x12.1 

8 

9.9x12.8 

obscure 

io.2x 8 

8 

II XII.2 

9.6 

11.2 

9 

11.2x12.8 

obscure 

12.8 

9.6 
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From what has been seen, it is believed that only the more 
vigorous corpuscles which have reached certain developmental 
phases divide to give rise to other corpuscles. Immediately or very 
soon after separating, it seems that the daughter corpuscles un¬ 
dergo a condition in which the nucleus becomes rather large in 
comparison to the general cytoplasmic mass, for in the resultant 
cells the nuclei are by far the most conspicuous parts, so filling 
the cell that the general cytoplasm thereof appears as but a 
narrow periphery about the nucleus. Apparently this stage is fol¬ 
lowed by one in which the general cytoplasm proportionally in¬ 
creases in volume, and thus the cell reaches its prime of growth, 
developmental and functional vigor. After this it may divide and 
the resultant daughter cells may grow to their prime of develop¬ 
mental and functional vigor, probably repeating the division proc¬ 
ess as long as they are sufficiently vigorous so to do. 

Evidently the division process is a rapid, infrequent one, other¬ 
wise it would seem that corpuscles thus behaving would be more 
numerous in the mounts. Apparently the corpuscles live in their 
height of developmental and functional vigor for some time, for 
such by far are the most numerous in the blood. 

It appears that gradually each corpuscle grows to maturity and 
that continuous functioning results in its becoming highly vacuo¬ 
lated, functionally debilitated or incapacitated and finally com¬ 
pletely inactive. The writer believes that degeneration parallels 
the growing and functioning processes of every stage or phase of 
existence of the blood corpuscles and that up to a certain stage 
these degeneration processes are as gradual as are those of cell 
growth, but that when the degeneration processes have advanced 
to a certain stage, cell decline and wasting away to final disap¬ 
pearance must be greatly accelerated, and that probably on this 
account the corpuscles in later degeneration stages seldom are 
seen. 

From what has been observed, the writer is convinced that the 
accompanying diagrams picture the successive phases or stages 
through which an individual corpuscle from cockroach blood 
ordinarily and normally passes during its existence. 

With regard to blood corpuscle multiplication there are differ¬ 
ences of opinion. Landois, 1864, says that they multiply by fis¬ 
sion; Wheeler, 1892, states that in post-embryonic insects they 
numerically increase by mitosis; Cuenot, 1897; Henneguy, 1904; 
Bruntz, 1908; Hollande, 1911, and Tillyard, 1917, state that they 
divide both directly and indirectly. During my investigations I 
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have not seen mitosis, although I have rather closely examined 
several hundred smears. 

Landois, 1864, regarded the pseudopods of blood corpuscles as 
albumin deposits. Crawley, 1909, saw thorn-like pseudopodia 
upon erythrocytes; Muttkowski, 1924, saw similar ones upon in¬ 
sect blood corpuscles. My investigations have revealed such 
structures upon the blood corpuscles of Blattella germanica Linn., 
and they are shown in Fig. 10, B and C. 

Tillyard, 1917, states that he found but a few hundred blood 
corpuscles in a naiadal odonate. In the blood of the cockroach 
they are much more profuse. From an individual which had 
been starved for twenty-four hours there were about fourteen 
hundred to the medium-sized droplet. Fifteen of such droplets 
were available, and upon the foregoing basis, assuming that the 
droplets were of about the same size, in the fifteen there were 
about 21,000 corpuscles. Now in bleeding a cockroach probably 
not more than 50 per cent, of the total blood content can be 
directly bled out, the remainder being held in the interstices among 
the flaccid tissues which it bathes, so that by doubling the above 
number it is assumed that a conservative estimate of about 42,000 
corpuscles is reached. A similar droplet was secured from a sec¬ 
ond individual. In it about 1,600 corpuscles were counted. Six¬ 
teen of such droplets were available, giving an approximation of 
51,200 corpuscles content, calculated as previously stated. In a 
droplet from still another individual which had greedily eaten in 
the natural habitat, 2,480 corpuscles were counted in a single 
droplet. She yielded twenty of such droplets, which according to 
the previous calculation methods would give 99,200 corpuscles in 
her blood. From the foregoing it is seen that there are wide 
variations in blood corpuscle content in individuals of the same 
species, and seemingly those which are well nourished and re¬ 
cently have fed have more blood and a greater number of cor¬ 
puscles in it per unit volume. It is safe to state that at least 
thousands of corpuscles normally occur in the blood of a cock¬ 
roach. 

From what has been seen the investigator believes that all cock¬ 
roach blood constituents contribute to coagulum formation, for 
when favorably exposed for that purpose, the irritated or stimu¬ 
lated corpuscles send out pseudopodia as is shown in A and B of 
Fig. 10. It long has been known that insect blood clotting in large 
measure consists of the interlacing and more or less complete 
fusing of contiguous portions of the pseudopodia which the cor- 
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puscles send out. The fibrinogen acts to generate fibrin which 
clogs the interstices or meshes occurring among the pseudopodia, 
so that fibrin is a coagulum constituent. Later, seemingly the cor¬ 
puscles, their pseudopodia and the fibrin contract, and as a result 
the liquid serum is squeezed from the clot. If the fresh coagu¬ 
lum is completely lifted from the slide, it will be seen that the sur¬ 
face formerly covered by it still is moist. This moisture is due 
to serum which was squeezed from the contracting clot as it fur¬ 
ther dried. To the liquid serum the moisture of the coagulum is 
due, and it is chiefly the liquid serum which evaporates when the 
coagulum shrinks and dries to hardness. The watery fluid or 
liquid serum is blood plasma which is devoid of corpuscles, 
fibrinogen and fibrin, and to it the fluidity of normally circulating 
blood is due. Ordinarily liquid serum covers the surface of the 
fresh clot. If ordinarily exposed, after a time this serum dries 
down to fuse or mat the clot surface. As the latter further dries 
it hardens, taking on a smooth glazed or glossy appearance. In 
the thoroughly dried and hardened coagulum the corpuscles have 
lost their identity and numerous crystals appear throughout the 
dried mass. 

In Ringeris solution of ordinary composition, cardiac action 
continued for six hours and about eighteen minutes; in a .6 gram 
sodium chloride solution in which other salts were reduced ac¬ 
cordingly, the heart continued functioning for two hours and 
about thirty minutes. When the solution ordinarily was made up, 
with the exception of omitting the dextrose, in one case heart 
action in it was sustained for five hours and about thirty-five 
minutes; in another case for four hours and about forty minutes. 

Doubtless blood dust as extremely minute albumin and fibrin 
particles was seen in blood by Milne-Edwards, 1835-6; Stokes 
and Wegefarth, 1897, and Crawley, 1909. Stokes and Wege- 
farth, 1897, believed that it is of leucocytic origin, Nicholls, 1906, 
regarded it as of diverse origin and Crawley, 1909, considered it 
of erythrocyte origin. The investigator has seen it in the blood of 
cockroaches. There an erythrocyte origin for it is out of the 
question, and the writer believes that it is derived from the leuco¬ 
cytes in insect blood. 

Lipomicrons 

Gage and Fish, 1921, experimenting with higher animals found 
that the fat of the diet appears in the blood as a reconverted ma¬ 
terial, a fat which is reconstructed from its constituents before it 
has had an opportunity to enter the blood as species fat. With 
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the dark field microscope they saw freely floating micro fat parti¬ 
cles which were carried by the blood stream after fat had been in¬ 
cluded in the diet. They mention that differences in the form of 
fat curves (constructed from data secured on digestive activity 
from hour to hour during a twenty-four hour interval) may be 
expected in different species as well as in the same individual at 
different times. In horse, dog, cow, etc., they saw that there are 
waves of fat absorption during the twenty-four hours following 
the feeding of fat. They showed that if only certain constituents 
of fat (fatty acids or glycerols) are fed, certain cells of the diges¬ 
tive tract wall supply the remaining constituents which are neces¬ 
sary for fat synthesis, and that as a result micro fat particles 
(lipomicrons) are liberated into the blood. Drs. Gage and Fish 
have traced such fat to fat reserves in the body, where it was 
stored for future use. Bloor, 1916, saw that lipomicrons occur 
in the blood stream of well nourished starving dogs. Green, 
1914, working with the king salmon found that reserve fat is 
stored in various tissues of the body, and from such fat reserve 
stations was drawn upon as an energy source for the spawning 
migration, during which no food is taken. It has been demon¬ 
strated that lipomicrons appear in the blood of the German or 
Croton cockroach, Blattella germanica Linn., after fat or either 
of its constituents has been included in the diet. The curves of 
Fig. 13 further deal with the appearance of fat in the blood of 
these insects which were especially fed for the purpose. 

When the average temperature and relative humidity were 20.4 
degrees C. or 68.7 degrees F. and 87.9 per cent, respectively over a 
twenty-four hour interval, the height (maximum) of lipomicron 
appearance was reached in from 19 to 19^2 hours; when the 
average temperature and relative humidity were 23.6 degrees C. 
or 76.4 degrees F. and 85.5 per cent respectively during a twenty- 
four hour interval, the maximum of lipomicron appearance in the 
blood was reached in from 14 to 19 hours. After twenty-two 
hours and up to forty hours at an average temperature of 22.5 de¬ 
grees C. or 72.5 degrees F. and a relative humidity of 91.2 per 
cent., fat digestion was about the same as during the interval be¬ 
fore the maximum was reached. 

Curves 19-21 inclusive of Fig. 13 are recorded from starving 
individuals as compared to Nos. 16-18 inclusive, in so far as fat 
is concerned. Apparently the individuals of the latter group were 
drawing from the lipomicrons directly from the digestive tract, 
while those of the former were drawing from the fat reserve 
storage stations of the body. 
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Tracheae and Spiracles of Cockroach. 

Nothing especially striking has been revealed in dissections to 
demonstrate the tracheal system. It may be well to mention that 
freshly killed specimens were impaled upon a very fine pointed 
pipette which was made by drawing a piece of small soft glass 
tubing to a point. The fine point was thrust through the body 
wall between the first and second pair of legs. Specimens then 
were inflated by blowing into the larger end of the pipette until 
the normally concealed genitalia bulged forth, an excellent scheme 
for revealing such structures in freshly killed specimens. The 
inflated individual, still impaled upon the fine pipette and under 
air pressure from the mouth of the operator was held over an 
electric hotplate until thoroughly dried, known by occasionally re¬ 
leasing the pressure. At such times, if specimens slightly col¬ 
lapsed continued inflation and desiccation were necessary until 
upon releasing the presure, the specimens remained thoroughly 
rigid. If thoroughly inflated and dried to the extent as above in¬ 
dicated, the intersegmental membranes are so stretched that any 
structures which they bear are bulged forth to be clearly revealed 
if properly examined. 

There are ten pairs of spiracles, but unless specimens are es¬ 
pecially prepared, all but the last abdominals are difficult to lo¬ 
cate. The tracheal system consists of large, parallel tracheal 
trunks which are conected by cross commissures. Dilatations 
may occur in the main trunks, in the commissures or directly or 
indirectly connected with either or both. By some, these dilata¬ 
tions have been mistaken for air sacs, but taenidia are developed 
in them. It is doubtful that any two tracheal systems are exactly 
alike; in fact rarely are the two sides of the tracheal system of 
the same individual exactly symmetrical. Occasionally rather 
well developed portions in one individual correspond to rather 
poorly developed portions in others, or parts which are present 
in one individual may not be represented in another (Figs. 
14-20). 

In some insects air may be taken into other than the tracheal 
system, as has been observed in the cockroach. Just previous to 
the molt specimens have been noticed to bob the front end of the 
body up and down. In the meantime the body, especially the 
abdomen, becomes so distended that it loses its flat appearance 
and becomes more cylindrical. Soon the muscles upon each side 
of the thoracic terga begin to contract and relax, and at the same 
time a definite line or crease appears along the middle of the 
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length of the dorsum of each thoracic segment. This continued 
until the old cuticula finally separated along that line similarly as 
does a piece of tin which is repeatedly creased and uncreased by 
folding and unfolding along the same line. The specimen then 
molted. After the wings had begun to unfold, their tips were 
snipped and several drops of blood came from them, but com¬ 
paratively little came from snipped antennal and leg tips. An in¬ 
cision then was made through the dorsal surface near the pos¬ 
terior end of the abdomen. Through this incision an inflated 
membrane appeared. The projecting portion was stained with 
alcoholic eosin, and upon dissection it was revealed that it was the 
crop which was air inflated to the extent that it crowded the 
remainder of the alimentary tract into the posterior abdominal 
extreme. Thus via the crop air pressure aided in rupturing the 
old cuticula and exerted pressure upon the blood which aided in 
unfolding the elytra and the true wings. In other individuals 
blood could not be obtained from the wings after the body norm¬ 
ally had become flattened and of color characteristic of the adult. 
If the crop is punctured while the body is in the inflated cylin¬ 
drical condition, the ruptured structure collapses as does an in¬ 
flated tire at the time that it is punctured. Knab, 1909-1911, 
noted a similar function of air in flies and other insects. 

Summary and Conclusions. 

The average percentage of moisture in an adult cockroach 
from the natural habitat is about 68, and assuming that about one- 
third of it may be blood, gives about 20 per cent, of the body 
weight due to its blood content. But this may greatly vary due 
to the nutrition status of the individual. 

The proportion of moisture to body weight is still higher in 
younger individuals. Doubtless a great portion of the moisture 
is present in the form of blood plasma and tissue serum, the latter 
a derivative of the former and practically inseparable from it, so 
that the amount of blood as such which occurs in the insect body 
never has been satisfactorily calculated. Temperature and rela¬ 
tive humidity influences as well as the nutrition status have their 
effects upon the moisture content of the body, for well nourished 
individuals contained more blood than did those which were com¬ 
pletely starved for twenty-four hours or longer; and cockroaches 
which had lost much metabolic water as a result of having been 
exposed to unfavorable relative humidity and thermal influences 
yielded blood with as great difficulty as did those which had 
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been completely starved for some time, so that the metabolic 
water must have been yielded from the blood and probably from 
the tissues. If the individual is deprived of solid food but has 
access to sufficient water, it bleeds readily and profusely until it 
has starved to death. 

At lower temperatures cockroaches of this species seek seclu¬ 
sion in places the relative humidity of which is higher; at lower 
relative humidities they sought seclusion in places the tempera¬ 
tures of which were higher. 

Of all Orthoptera, Homoptera, boring larval Lepidoptera, two 
phytophagous larval Lepidoptera and two Coleoptera, one of the 
family Cerambycidae, the other of the family Carabidae, the 
blood reacted alkaline to neutral litmus. 

Of all phytophagus Coleoptera, pollen eating Coleoptera, phy¬ 
tophagous and pollen eating Coleoptera, carnivorous Coleoptera 
and phytophagous larval Lepidoptera but two species, the blood 
reacted alkaline to neutral litmus. 

Of all Diptera which were examined, the blood reacted alka¬ 
line to neutral litmus. 

The blood of certain phytophagous larval Lepidoptera reacted 
alkaline, while that of certain others reacted acid to neutral litmus. 

The blood of a pollen eating beetle, Cyllene robiniae (Ceramby¬ 
cidae) reacted alkaline, while that of . others, Chauliognathus 
(Lampyridae) and of Trirhabda (Chrysomelidae) reacted acid 
to neutral litmus. 

The blood color of representatives of different families of the 
same order of insects may differ, although the individuals feed 
upon the same host species. Among insects blood color never is 
due to that of the corpuscles, but always is due to that of the 
plasma. 

The blood of certain carnivorous Coleoptera (Coccinellidae) 
reacts acid, while that of others (Carabidae) reacts alkaline. The 
blood of the former is of reddish color, while that of the latter 
is of turbid whitish color. 

The blood of adult phytophagous Coleoptera which were ex¬ 
amined is of yellow color, while that of phytophagous larval Lepi¬ 
doptera usually is of greenish color. 

Blood color modifications are of little taxonomic importance. 

The results of these experiments reveal that influences other 
than host plant sap act in the coloring of insect blood, for insects 
of different species feeding upon hosts of the same species have 
blood which may present color differences and which may be of 
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different color than is that of the host sap or tissues upon which 
the insects feed; that insects of different species feeding upon 
hosts of the same species may have blood which reacts differently 
and that the reaction of blood to neutral litmus usually is differ¬ 
ent than that of the sap or tissues which serve as food. 

Ordinarily larvae bear more blood in proportion to the body 
weight than do adults. 

From the foregoing investigations it is further concluded that 
the acidity, alkalinity and color of insect blood are species spe¬ 
cificities and are influenced by more than just the food which the 
insect takes. 

Ordinarily the constituents of the plasma and those of the cor¬ 
puscles are difficult to separate by hard and fixed lines, for it 
seems that some of the constituents of each are interchangeable. 

The corpuscles of cockroach blood are not known to be of 
respiratory character, although very locally the plasma may be 
concerned with the transportation of respiratory gases. 

It is believed that the blood of the cockroach is concerned with 
the transportation of nourishment as the chief function. This it 
carries to and among the tissues, removing metabolic wastes from 
them. It is doubtful that the blood corpuscles carry food to the 
tissues, at least microparticles of fat profusely and freely oc¬ 
curred in the blood stream. 

All individuals did not bleed equally readily, some bled more 
easily and more profusely from clipped antennae than they did 
from clipped cerci and vice versa. Some at times bled more pro¬ 
fusely and more easily than they did at others. 

The basic colors of fresh and of dried cockroach blood are very 
similar. 

According to spectroscopic and biochemic analyses the blood of 
cockroaches seems to be as complex as is that of other animals. 

There are several kinds of crystals in the blood of cockroaches, 
and it appears that they are of organic nature. 

In coagulation it seems that all blood constituents of the cock¬ 
roach take part, for in the process the corpuscles send out pseudo¬ 
podia which fuse with those of other corpuscles, and fibrin clogs 
the interstices among them. The mass later contracts and as a 
result the serum is squeezed out. 

Reflex bleeding is not recorded among cockroaches. Cock¬ 
roach blood is neither toxic nor repellant to certain kinds of 
spiders, assassin bugs and other arthropods. 

Ringer’s solution of .8 per cent, sodium chloride concentration 
gave best results in sustaining cardiac action, although good re- 
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suits were obtained when a .6 per cent, concentration of sodium 
chloride solution with reduction of other salts accordingly was 
used, whether dextrose was or was not included. 

Lipomicrons appear in the blood of especially fed cockroaches 
similarily as do chylomicrons in the blood of higher animals. 

Blood dust similar in appearance and behavior to that in 
higher animals is found in cockroach blood. In insects it is 
highly probable that it comes from the blood corpuscles. 

Peculiarities in the behavior of cockroach blood corpuscles 
paralleling those which have been seen in the blood of higher 
animals have been observed. 

Wright's stain gave the most satisfactory results of those which 
were used in working with cockroach blood corpuscles. The 
process was the least troublesome or involved of the lot, the re¬ 
sults were more permanent and the stain kept well for over a 
year if placed into tightly stoppered bottles which were stored 
away from direct light. 

In behavior, appearance, etc. cockroach blood corpuscles are 
very similar to the leucocytes of higher animals. It is believed 
that only the more vigorous corpuscles which have reached cer¬ 
tain development phases can divide to give rise to other cer- 
puscles. Immediately or very soon after separating it seems that 
the daughter corpuscles undergo a condition in which the nucleus 
is rather large in comparison to the general cytoplasmic mass, for 
in the resultant cells the nuclei are by far the most conspicuous 
parts, so filling the cells that the cytoplasm thereof appears as but 
a narrow periphery about the nucleus. Apparently this stage is 
followed by one in which the general cell cytoplasm proportion¬ 
ally increases in volume, and that thus the cell reaches its prime 
of growth, developmental and functional vigor. After this it may 
divide and the resultant daughter cells may grow to their prime of 
developmental and functional vigor, probably repeating the divi¬ 
sion process as long as they are sufficiently vigorous so to do. 

Evidently the division process is a rapid, infrequent one. Ap¬ 
parently the corpuscles live in their height of developmental and 
functional vigor for some time, for such by far are the most 
numerous in the blood. 

It appears that gradually each corpuscle grows to maturity, and 
that continuous functioning results in its becoming highly vacuo¬ 
lated, functionally debilitated or incapaciated and finally com¬ 
pletely inactive, soon after which it entirely wastes away or dis¬ 
appears. The writer believes that degeneration parallels the grow- 
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ing and functioning processes of every stage in the existence of 
the blood corpuscles and that up to a certain stage these degenera¬ 
tion processes are as gradual as are those of cell growth, but 
that when the degeneration processes once reach a certain condi¬ 
tion, the cell decline and wasting away to final disappearance must 
be greatly accelerated, and that probably on this account cor¬ 
puscles in the later degeneration stages seldom are seen. 

From what has been observed, the writer is convinced that the 
accompanying diagrams, Fig. 9, picture the successive stages 
through which an individual corpuscle from cockroach blood 
ordinarily and normally passes during its existence. 

There are at least thousands of blood corpuscles in an adult 
cockroach. It is believed that the total volume of corpuscles as 
compared to that of the blood plasma varies in the same indi¬ 
vidual from time to time and that one individual may contain 
more blood than does another. It is believed that the nutrition 
status of the individuals influences the amount of blood which 
that individual contains. 

If the temperature is too low in the cockroach, fat digestion 
may be arrested, although fat is present in the crop. 

In well-nourished, starving cockroaches it seems that fat is 
withdrawn from fat reserve stations of the body. 

In my experiments fat has been demonstrated only in the free 
state (as lipomicrons) in the blood stream. 

Somewhat as in higher animals, waves of fat digestion occur 
in the Croton or German cockroach, Blattella germanica Linn. 

Differences in the forms of curves may be expected in indi¬ 
viduals of the same species, although they are subjected to identi¬ 
cal thermal and relative humidity influences. 

Ordinarily in the cockroach the time of maximum appearance 
of fat in the blood in a rough or general way approximates that 
of certain higher animals. 

If fatty acids or glycerol alone are fed, the tissues of the diges¬ 
tive tract wall supply the necessary constituents (fatty acids or 
glycerols) to synthesize species fat. It appears that fat diges¬ 
tion in this insect is as much of an involved process as is that in 
a higher animal. 

These researches tend to indicate that the blood of insects is as 
highly complex a tissue as is that of the higher animals. 

Nothing particularly striking has been revealed in dissections 
which were made to demonstrate the tracheal system in its 
grosser aspects. There are ten pairs of spiracles. Certain tra- 
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cheal dilatations have been mistaken for air sacs, but taenidia are 
developed in them. Usually the two sides of the tracheal system 
of the same individual are not exactly symmetrical. Occasionally 
rather well developed portions in one individual correspond to 
rather poorly developed parts in others, or parts which are pres¬ 
ent in one individual may not be represented in another. Air pres¬ 
sure brought about by a fully distended or inflated crop aids in 
making the molt in cockroaches, and it is believed that this exerts 
a pressure upon the blood in unfolding the elytra and true wings 
at the time of the final molt. 

From the main tracheal trunks smaller branches are given off, 
these still more finely divide, and so on down to the finest or most 
minute. These latter are reduced to microscopic capillarity (less 
than a micron in diameter). So a portion of a tracheal trunk 
showing all attached derivative branchings to the most minute ex¬ 
tremes presents a dendritic arrangement, the minutest extremities 
of which are so fine and so numerous that but few if any of the 
cells of the tissues which are aerated by the portion under con¬ 
sideration are not reached or permeated by them. 

Caption to Figures. 

Figs. 1-3. Cockroach trap, showing method of making the trap¬ 
ping cone and placing it within a trapping receptacle, Fig. 1. 
In such a trap decoys of the species to be trapped are used; 
so are attractive baits. This type of trap catches cockroaches 
without injury; only uninjured individuals were used in these 
investigations. 

Fig. 4. Type of bottle cage in which uninjured experimental 
material was kept during the investigations. The cork is per¬ 
forated and the lower end of the perforation is screened with 
a fine meshed brass screen. A bit of dampened sponge is 
kept in the perforation so that the air in the cage is kept 
moist, as indicated by condensation upon the walls of the 
cage. A piece of pasteboard was cut sufficiently wide so that 
it just easily passed into the mouth of the bottle. Its length 
was slightly greater than the inside diameter of the cage. 
Upon introducing it into the cage, it was placed with the 
free ends directly downward and as it straightened out until 
the ends reached the walls it formed a shelter beneath which 
the specimens spent much of their time. Food was placed 
into the bottle as frequently as the specimens needed it. 

Fig. 5. Temperature and relative humidity control tube the use 
of which has been explained in the text. 

Fig. 6. Individual housing vial wherein the temperature and 
relative humidity were kept constant during experimentation. 
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Fig. 7. Individual housing vials arranged in a constant tempera¬ 
ture oven the heat of which was supplied by a 60 watt bulb, 
the humidity was kept constant by a vat of water, W; the bit 
of water saturated sponge in the perforated cork of the indi¬ 
vidual housing vial and by the water in the vial, shown by 
5 beneath the glass plate 4 of the vial. . 

Fig. 8. Demonstrates my method of making blood smears so 
that the blood corpuscles are little if at all injured in the 
process. 

Fig. 9. Demonstrates different types of blood crystals of cock¬ 
roach blood. 

Fig. 10. Cockroach blood corpuscles in action in a fresh blood 
smear. 

Fig. 11. Different types of cockroach blood corpuscles. 

Fig. 12. Photograph of the spectrum which was produced as 
dried cockroach blood was burned in investigating the min¬ 
eral contents thereof. 

Fig. 13. Shows the curves which were obtained by recording 
the numbers of lipomicrons which were present at various 
time intervals after the experimental individuals had been 
fed fat. The numbers at the ends of the curves indicate the 
individual concerned in obtaining the data; the figures on the 
horizontals are time interval notations, recorded by the hour 
and by the half hour. 

Fig. 14. Spiracular distribution upon the cockroach body. 

Fig. 15. Dorsal position of the first pair of abdominal spiracles. 

Fig. 17 (and that above). Lateral views of the tracheal system 
of a cockroach, Blattella germanica Linn. 

Fig. 18. One of a dorsal tracheal arrangement of an individual 
Blattella germanica Linn. 

Fig. 19. One of a ventral tracheal arrangement of an individual 
Blattella germanica Linn. 

Fig. 20. Scheme of tracheal arrangement in a cross section 
taken through the spiracle region of one of the abdominal 
segments. 

Bibliography. 

About 700 articles have come to my attention since I have been 

working on this problem. To publish all in a bibliography is not 

considered necessary. The following list includes only those 

which have a more important bearing upon the subject. 

Agassiz, L., 1849. On th e Circulation of the Fluids in In¬ 
sects. Proc. Amer. Assoc, for the Advancement of Science, 
2nd Meeting, 1849: 140-143. 

Alexander, Chas. P., 1919. The Crane-flies of New York, Pt. 
1, Distribution and Taxonomy. Mem. No. 25, Cornell Univ. 
Agr. Expt. Sta., June, 1919. 




June, 1926 Bulletin of the Brooklyn Entomological Society 87 


-, Same, Pt. 2, Biology and Phylogeny. Mem. No. 38, same, 

June, 1920. 

Babcock, S. M., 1912. Metabolic Water, Its Production and 
Role in Vital Phenomena. Resch. Bl. No. 22, Univ. of Wis¬ 
consin Agr. Expt. Sta., 87-181. 

Bodine, Jos. H., 1893-1921. Factors Influencing Water Con¬ 
tent and Rate of Metabolism of Certain Orthoptera. Jour, 
of Exp. Zool., Vol. 32, No. 1, 137-164. 

Bowerbank, J. S., 1833. Observations on the Circulation of 
the Blood in Insects. Entomological Magazine, Vol. 1: 239- 
244; also see same in Muller’s Arch. f. Physiol., Bd. 1, 1834: 
119-120. 

Bruntz, L., 1908. Nouvelles recherches sur l’excretion et la 
phagocytose chez les Thysanoures. Ebenda t. 8 (4). Aussi 
vide Archives de Zoologie experimentale et generate. IVe 
Sen, t. VIII: 471-488. 

-, 1908. Note sur l’anatomie et la physiologie des Thysa¬ 
noures. Bl. des seances de la Societe des Sciences de Nancy. 
Extrait. 

-, Sur la structure et le reseau tracheen des canaux excreteurs 

des reins de Machilis maritima Leach. Bl. des seances de la 
Societe des Sciences de Nancy. Aussi vide C. R. Acad. Sci. 
Paris, t. 146. 

-, 1909. Sur l’existence d’organes globuligenes chez les 

Cumaces. Arch, de Zool. expt. et gen. (4), Vol. 9. Note et 
revue: 65-69. 

Burke, H. E., Hartman, R. D., and Snyder, T. E., 1922. The 
Lead Cable Borer, or the Short Circuit Beetle in California. 
U. S. D. A. Bl. 1007. 

Burmeister, H., 1832. Handbuch der Entomologie, 1, 169-194 
und 416-436. 

Burnett, S. H., 1917. Clinical Pathology of the Blood of Do¬ 
mesticated Animals. Text, 156 pp. W. F. Humphrey Press, 
Geneva, N. Y. 

Chapman, R. N., 1918. The Basal Connections of the Tracheae 
of the Wings of Insects. In Prof. Comstock’s “The Wings 
of Insects” : 27-51. 

Church, A. H., 1869. Researches on Turacin, an Animal Pig¬ 
ment Containing Copper. Roy. Soc. London Proc., 1868- 
1869, abs.: 436. 

-, 1892. An Animal Pigment Containing Copper. Proc. Roy. 

Soc. London, Apr. 








88 Bulletin of the Brooklyn Entomological Society Vol.XXl 


Comstock, J. H., 1909. A Manual for the Study of Insects: 
73-76 and 67-72. 

-, 1918. The Wings of Insects: 12-51, 110-117 and 123-131. 

-, 1920. An Introduction to Entomology: 113-120 and 121- 

123. 

Comstock, J. H., and Kellogg, V. L., 1918. The Elements of 
Insect Anatomy, 10th Edit.: 1-145. 

Crawley, Howard, 1909. Studies on Blood and Blood Para¬ 
sites. U. S. D. A. Bur. Animal Ind. Bl. 119. Observations 
on Mammalian Blood with Dark Field Illumination: 5—115 

Cuenot, L., 1896. Etudes sur le sang et les glandes lympha- 
tiques dans la serie animale. Insectes. Arch. Zool. Exper., 
2, IX: 365-399. Also see summary of same in Jour. Roy. 
Mic. Soc.: 192. 

-, 1897. La saignee reflexe chez les Insectes. Mem. Soc. 

Anat. Alz. X: 39-48. 

-, 1899. Les pretendues organes phagocytaires decrits par 

Koulvetch chez la blatte. Arch. Zool. Exper. (3) 7, Nat. 
Rev. No. 1: 1-2. 

Deegener, P., 1913. Zirkulationsorgane und Liebeshole. 

Schroder’s Handbuch der Entomologie. Dritte Lieferung, 
Kapitel 6: 383-430. 

Dusham, E. H., 1914. A Method of Injecting the Trachea of 
Insects. Ent. News, Vol. 25: 468, Dec., 1914. 

Edwards, H. Milne, 1835-36. Blood. Todd’s Cyclopaedia of 
Anatomy and Physiology, Vol. 1 : 405-415. 

Folsom, J. W., 1922. Entomology with Special Reference to 
Its Biologic and Economic Aspects. Text, 3rd Edit. Blakis- 
ton, Maple Press, York, Pa.: 109-112, 116-123. 

Gage, S. H., 1920. The Microscope. Text. 13th Edit. Com¬ 
stock Pub. Co., Ithaca, N. Y.: 37~76k and 312-323. 

Gage, S. H., and Fish, P. A., 1921. The Presence of Micropar¬ 
ticles in the Blood and Other Body Fluids. Jour, of Amer. 
Vet. Med. Assoc., Jan. ’21, Vol. 58, No. 4: 348-402. 

-, 1921. The Ultraparticles of the Blood and Chyle. Cor¬ 
nell Veterinarian, Apr., 1921. 

Geyer, K., 1913. Untersuchungen uber die chemische Zusam- 
mensetzung der Insektenhaemolymphe und ihre Bedeutung 
fur die geschechtliche Differenzierung. Zeitschr. f. w. Zool- 
ogie: 349 - 499 * 

Glaser, R. W., 1916. Growth of Insect Blood Cells in Vitro. 
Psyche, 24: 1-7. 








June, 1926 Bulletin of the Brooklyn Entomological Society 89 


Greene, C. W., 1914. The Storage of Fat in the Muscular Tis¬ 
sues of the King Salmon and Its Resorption During the Fast 
of the Spawning Migration. Bur. of Fisheries Doc. No. 799, 
Sept. 30/14: 73-138. 

-, 1914. The Fat Absorbing Function of the Alimentary 

Tract of the King Salmon. Bur. of Fisheries Doc. No. 802, 
Oct. 28, ’14: 153-175. 

Griffiths, A. B., 1891. 1. On Blood of the Invertebrata. Proc. 
of the Roy. Soc. of Fdinburgh, Vol. 18: 288-294. 

-, 1892. 2. On the Blood of Invertebrates. Proc. of the 

Roy. Soc. of Edinburgh, Vol. 19: 116-130. 

-, 1892. Sur la composition de la chlorocrurorin. C. R. 

Acad, des Sci., Vol. 114: 1277-1278. 

-, 1892. Sur la composition de Thaemocyanin. C. R. de 

TAcad. des Sci., t. 114: 496. 

-, 1892. Sur la composition de la pinnaglobin, une nouvelle 

globulin. C. R. Acad, des Sci., t. 114: 840. 

Hallez, P., 1909. Les cristaux de la Blatte. Paris, C. R. Acad, 
des Sci., 148: 317-318. 

Hawk, P. B., 1916. Practical Physiological Chemistry. Text. 
Blakiston, 5th Edit. 

Haycroft, H. B., and Carlier, E. W., 1S88. On Invertebrate 
Blood Removed from Vessels and Entirely surrounded by 
Oil. Proc. of the Roy. Soc. of Edinburgh, Vol. 15: 423-426. 

Headlee, T. J., 1916-17. Atmospheric Moisture and Insect 
Metabolism. N. J. Agr. Expt. Sta. Rept. 

-, 1917. Some Facts Relative to the Influence of Atmos¬ 
pheric Humidity on Insect Metabolism. Jour, of Econ. Ent., 
Vol. 10, No. 1, Feb.: 31-38. 

Henneguy, L. F., 1904. Les Insectes. Texte: 82-87, 98-108 et 
612-621. 

Hollande, A. Ch., 1907. Contribution a l’etude du sang des 
Coleopteres. Arch, de Zool. Expt. et Gen., Paris, Ser. 5, t. 
2: 271-294. 

-, 1911. Etude histologique comparee du sang des insectes a 

hemorrhees et des insectes sans hemorrhees. Arch. Zool. 
Paris, Ser. 5, 6: 283-323. 

-, 1912. L’autohemorrhee ou le rejet de sang par les insectes. 

Arch. Anat. microsc., Paris, 13: 171-318. 

Houlbert, C., 1920. Les Insectes. Texte.: 112-131. 

Hungerford, H. B., 1922. Oxyhemoglobin Present in the 
Backswimmer, Buenoa margaritacea Bueno. Canad. Ent. 
Nov. ’22: 262-263. 











90 Bulletin of the Brooklyn Entomological Society Vol.XXl 


Kellicott, W. E., 1913. Outlines of Chordate Development. 
Henry Holt Co., N. Y. 

Kingsley, J. S., 1917. Outlines of Comparative Anatomy of 
the Vertebrates. Blakiston, 1012 Walnut St., Phila., Pa. 

Knab, Frederick, 1909. The Role of Air in the Ecdysis of In¬ 
sects. Proc. of the Ent. Soc. of Washington, 11: 68-73. 

-, 1911. Ecdysis in the Diptera. Proc. of the Ent. Soc. of 

Washington: 13: 32-42. 

Landois, H., 1864. Beobachtungen (iber das Blut der Insekten. 
Zeitschr. f. wiss. Zool., XIV: 54-70. 

Lewis, F. T., and Stohr, P., 1917. Textbook of Histology, 
Blood, etc.: 163-215. 

Liibben, H., 1907. Blutkorperchen in ihrer Rolle als Phago- 
cyten, speziell bei der Metamorphose der Insekten. Natur 
und Haus, 3515, Stuttgart, 16: 29-31 und 36-37. 

Mclndoo, N. E., 1916. The Reflex Bleeding of the Coccinellid 
Beetle, Epilachna borealis. Annals of the Ent. Soc. of Amer¬ 
ica, Vol. 9: 201-203. 

Macmunn, C. A., 1886. Researches on Myohaematin and the 
Histohaematins. Proc. of the Roy. Soc. of London, Vol. 39: 
248-252. 

Miall, L. C., and Denny, Alf., 1886. The Structure and the 
Life-history of the Cockroach, Blatta orientalis Linn. A 
Book: 133-166. 

Moseley, H. N., 1871. On Circulation in the Wings of Blatta 
orientalis and Other Insects and a New Method of Injecting 
Vessels of Insects. Quar. Jour. Mic. Sci., Vol. 11, n. s.; 

389-395- 

Muttkowski, R. A., 1920. The Respiration of Aquatic Insects; 
A Collective Review. Bl. of the Brooklyn Ent. Soc. 15: 89— 
96 and 131-140. 

-, 1921. Copper, Its Occurrence and Role in Insects and 

Other Animals. Trans, of the Amer. Mic. Soc., Vol. 40, 
No. 3: 144 - 157 - 

-, 1921. Copper in Animals and Plants. Sci., n. s. 53, No. 

1376 •• 453 - 454 - 

-, 1921. Studies on the Respiration of Insects. I. The Gases 

and Respiratory Proteins of Insect Blood. Annals of the 
Ent. Soc. of America, 14: 150-156. 

-, 1923. Studies on the Blood of Insects. II. Bl. of Brook¬ 
lyn Ent. Soc., Vol. 18, No. 4, Oct. '23: 127. 








June, 1926 Bulletin of the Brooklyn Entomological Society 91 


-, 1924. Studies on the Blood of Insects. Bl. of Brooklyn 

Ent. Soc., Vol. 19, Feb. ’24: 4-19. 

Newport, Geo., 1837. On the Temperature of Insects and Its 
Connection with the Functions of Respiration and Circula¬ 
tion, etc. Philosoph. Transacts.: 259-338. 

-, 1839. Insects. Todd's Cyclopaedia of Anatomy and Physi¬ 
ology, Vol. 2: 329-439 and 853-994. 

-, 1845. On the Structure and Development of the Blood. 

First Series, The Development of Blood Corpuscles in In¬ 
sects and Other Invertebrates and Its Comparison with That 
of Man and Other Vertebrates. Ann. Mag. Nat. Hist. Ser. 
3> t. 3. 

Nicholls, A. G., 1906. On the Nature and the Significance of 
the So-called “Dust Bodies" of the Blood. Proc. and Trans¬ 
acts. of the Roy. Soc. of Canada, Ottawa. 2s, Vol. 11, Tr. 
Sect. 4: 3-19. 

Packard, A. S., 1898. A Textbook of Entomology. The 
Organs of Circulation: 397-412; The Blood Tissue: 419- 
429; and the Respiratory System: 430-484. 

Parker, T. J., and Has well, W. A., 1921. Textbook of Zool¬ 
ogy, Vol. 2: 235. 

Poulton, E. B., 1885. 1. The Essential Nature of the Coloring 
of Phytophagous Larvae and Their Pupae, with an Account 
of Some Experiments upon Relation Between Color of Such 
Larvae and That of Their Food Plants. Proc. of the Roy. 
Soc. of London, Vol. 38: 269-315. 

Rich, A. R., 1920. An Ultramicroscopic Study of the Two 
Stages of Blood Coagulation. Sci., n. s. Vol. 52, No. 1332, 
July 9: 38-41. 

A Sanford, E. W., 1918. Experiments on the Physiology of Fat 
Digestion in Blattidae. Jour, of Expt. Zook, Vol. 25 : 355— 
412. 

Schleip, Karl, 1908. Atlas of Haematology. Adapted to Eng¬ 
lish by Frederic E. Sondern: 3-6, 17-20, 35-54 and 91-92. 

Science Service, 1923. Race Horse Endurance and Red Blood 
Cells. Sci., n. s. Vol. 57, No. 1484, Fri., June 8, News Sec¬ 
tion. 

Shafer, Geo. D., 1911. How Contact Insecticides Kill. Tech. 
Bl. of Mich. Agr. Coll. Expt. Sta. No. 11: 8-15. 

-, 1923. The Growth of Dragon-fly Nymphs at the Molt and 

Between Molts. Stanford Univ. Publications. Univ. Series 
of Biol. Sciences, Vol. 3, No. 4. 








92 Bulletin of the Brooklyn Entomological Society Vol. XXI 


Stokes and Wegefarth, 1897. The Presence in the Blood of 
Free Granules Derived from Leucocytes, etc. Bl. Johns 
Hopkins Hospital, 8: 246. 

Thallheimer, Wm., and Perry, Margaret, 1923. Effects of 
Plant Extracts on Blood Sugar. Sci., Vol. 58, No. 1494, 
Aug. 17: 120-121. 

Tillyard, R. J., 1917. The Biology of Dragon-flies. Camb. 
Univ. Press: 163-164. 

Wheeler, W. M., 1892. Concerning the Blood Tissue of In¬ 
sects. Psyche VI: 216-220, 233-236 and 253-258. 
Wielowiejski, H. von, 1886. Ueber das Blutgewebe der In- 
sekten. Eine vorlaufe Mitteilung. Zeitschr. f. w. Zook, Bd. 
XLIII: 512-536. A brief summary in Jour. Roy. Mic. Soc., 
2, VI: 964. 

Wooldridge, L. C., 1884. On a New Constituent of the Blood 
and Its Physiological Import. Roy. Soc. Proc., Vol. 38: 
69-72. 

-, 1884. On the Origin of Fibrin F'erment. Roy. Soc. Proc., 

Vol. 36: 417-420. 

-, 1885. On Fibrin Yielding Constituents of Blood Plasma. 

Roy. Soc. Proc., Vol. 38: 260-264. 

Wright, J. H., 1916. The Histogenesis of the Blood Platelets. 
Jour, of Morphol., 21: 263. 





Boll. B.E.S., Vol. XXI, No. 3 


Pl. IV 



Fig.l. Fig.4. 






























































































Bull. B.E.3., Vol. XXI, No. 3 


Pl. Y 


v 





















































































Bull. B.E.S., Vol. XXI, No. 3 


Pl. VI 







Bull. B.E.S., Vol. XXI, No. 3 


Pl. VII 





Bull. B.E.S., Vol. XXI, No. 3 


Pl. VIII 





Boll. B.E.S., Vol. XXI, No. 3 


Pl. IX 







































































Bull. B.E.S., Vol. XXI, No. 3 


Pl. X 




Fig. 1Z 











Bull. B.E.S., Vol. XXI, No. 3 


Pl. XI 




Fig.19. 



Fi ft 20 












